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are constructed to position fractal stages oi either progressively smaller or progressively larger scales along tho direction of flow (Plates 
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FRACTAL STACK FOR SCAUNG AND DISTRIBUTION OF FLUIDS 

This application claims the benefit of U,S. Provisional Application No, 
60/079,028 filed 23 March 1998. 

TECHNICAL HELD 
This invention pertains to the scaling and distribution of fluids. It provides 
fiactal structures arranged to minimize the intersection of recursive fluid flow paths. 
BACKGROUND ART 
Fluid transporting fractal structures C*fiactals") have recently become available 
for the control of flmd flow. U.S. Patent No. 5,354,460, the disclosure of which is 
incorporated by reference h&rem, describes a fi^ctal structure embodied as a fluid 
distributor/collector. A notable characteristic of the device disclosed by the *460 patent 
is its recurve scaling configuration A^ch is, for purposes of this disclosure, regarded 
as a "fiactaL" This fi^ctal configuration provides exceptionally even fluid flow 
distribution. 

PCT/US97/17516, the disclosure of whidi is incorporated by reference herein, 
desaibes the use of ^ace filling fluid transporting fiactals for use as alternatives to the 
scaling and distribution function of turbulence. 

Tractal scaling," as contemplated by this invention, is a recursive process by 
which an algorithm is applied in succesave stages, each time to process the ou^uts from 
an immediatdy preceding stage. A sinqjle case for purposes of illustration is to apply 
the algorithm "divide a flow stream into two equal flow streams." According to this 
example, a flowing stream is divided into two equal streams of half the initial volume 
during a first stage. Each of the two resuhing streams is then ^milariy divided to 
produce a total of four equal streams of reduced volume in a second stage. Those four 
resulting streams are then divided into eight equal streams of reduced volume in a third 
stage, and so on, through as many stages as are deared to achieve the distribution of 
fluid flow required for a particular s^plication. 

Mathematical models of fi-actal geometry assume that each division at each stage 
is idenfical and that precisely identical geometry is followed through each branch of 
succesfflve stages. In practice, it is recognized that absolute adh^-ence to a 
mathematical model is impractical. Accordingly, fractal devices are usually constructed 
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to ^proximate a theoretical modeL That is, because of manufacturing and space 
constraints, commercial fractals often make use of "similar," rather than "identical" 
fractal patterns. This disclosure should be understood within that context. The practical 
consequences of this departure from theoretical are generally minimal within the 
5 practical realm. 



DISCLOSURE OF INVENTION 
The present invention comprises an improved 0uid transporting fiwrtal. Devices 
constructed in accordance inth this invention can be employed whenever a controlled 

10 distnbu^on and/or collection of fiiuds is de^ed. A notable feature of the structures of 
tMs invention is the portioning of fractal stages along the direction of fiow. That is, 
stages of either progressively smaller or progres^vely larger scales are arranged serially 
in the direction of flow. It is within contemplation to constiuct an ^tire devices, or 
multi-stage segment of such a device, as a unitary structure, e.g., through investment, 

15 shell or lost wax casting techniques. The multi level fractals of this invention are more 
conveniently provided, however through the use of a stack of fractal elements in an 
asseofibly, or "fractal stack.^ To avoid redundancy of description, this disclosure gives 
primary emphasis to fractal stacks utilized as distributors. 

The individual elements of a typical fractal stadc are three-dimensional 

20 components, structured and arranged for juxtaposed assembly in a specified sequence. 
Each fractal element is provided with channels and ports constituting a portion of a 
fractal fimd scaling array. Various portions of the scaling array may be as^gned to 
individual elements, those portions bdng sdected such that a practical recursive fractal 
array results from the assembly of the dements, in proper sequence, into the fractal 

25 stack. A presently preferred arrangement as^gns the fimd flow channels of a spedfied 
fractal stage to a single spedtied fractal eletnent. It is wthtn contemplation to as^gn 
diannels of different fractal stages to a ^gle fractal element, and it is also within 
contemplation to divide channels of a specified fractal stage among a pluratity of fractal 
dements. The channels assodated with a particular element may be positioned on a 

30 angle side or on the opposed ^des. In the latter case, the channels of a fractal stage 
may be defined by juxtaposed matdimg grooves at the inter&ces between adjacent 
elem^ts. 
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An exemplary fractal element has a relatively large cross section noimal the 
direction of fluid flow, to accommodate the largest fractal pattern in the stack. This 
pattern is typically that of the final fractal stage, and its '^footprint" is dependant upon 
(among other things) the fractal number (the number of stages) acconmiodated by the 
5 stack. A relatively small height dimension is required to accommodate the flow channels 
arranged in a fractal pattern within, (most ofren openly communicating with either or 
both inter&dng sur&ces of the element). Such dements take the form of short prisms^ 
usually cylindrical, and are designated ''fractal plates," for purposes of this disclosure. 
Fractal plates may be stacked upon one another such that fl^actal distribution to 

10 progressively smaller scales occurs as fluid passes through the stack. The device 

therefore acts as a fluid distributor. The structures of this invention may alternatively be 
utilized as a fliiid collector For such applications, fluid is caused to pass from the 
smallest to the largest fl-actal scale. Near limitless scaling of fluid motion can be 
accomplished whh this invention by the addition of fractal plates to the stack, that is, by 

1 5 increasing the fractal number of the stack. 

According to certain embodiments of this invention, a '"flnishing** structure, such 
as a plate or plates, may be added to the fractal stack to provide additional fluid scaling. 
This flnal scaling stage is benefidal when the fractal manu&cturing techmques used on 
the larger scale plates reaches a practical limit. The finishing plate allows a final fluid 

20 scaUng to be implranented at the smallest of scales. The finishing plate can be of any 
material or configuration which provides a scalmg efifect For example, fins, 
coirugations, cohmm packmgs, screens, sponges or other structures capable of 
providing a tortuous, (or mixing-type), path for the fluid exiting the final firactal pattern 
can be used fr>r this purpose. Fluid collision or impii^gtng structure can also be used for 

25 the finishing plate. For example, small obstructions may be positioned in the path of the 
final fluid exits. Fhiid spla^iing against these structures is broken into streams or 
droplets of smaller scales, therd)y undergoing a final scaling effect. 

The invention Is thus applied in practice to a fiiactal fluid flow system in which 
recursive flow paths are arranged in a firactal pattern including genfirations of 

30 progresfflvdy increasing or decreaang scale. The hnprovement of the invention 

g^aeraUy comprises providing portions of the fi:act8l pattern in stacked arrangement 
with respect to each other, whereby to avoid intersection of recur^ve flow channels. 
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The generations of progressively increasing or decreasing scale are typically portioned 
between an inlet and an outlet, whereby to modify the scale of fluid flow through the 
system. The present invention arranges successively such generations of structural flow 
channels at di^Terent distances from the inlet in the direction of the outlet, 
S Most often, portions of the fractal pattern are provided on structural elements 

assembled in stacked arrangement with respect to each other. The structural elements 
are typically approximately congruent geometric solids with flow chaimels arr The 
invention is thus ^plied in practice to a fractal fluid flow system in which recursive flow 
paths are arranged in a fractal pattern inclu<&ig generations of progres^vely increa»ng 

10 or decreaang scale. The improvement of the invention generally comprises providing 
portions of the fractal pattern in stacked arrangement with respect to each other, 
whereby to avoid intersection of recursive flow channels. The generations of 
progressively increasing or decreasing scale are typically positioned between an inlet and 
an outlet, whereby to modify the scale of fluid flow through the system. The present 

15 invention arranges successively such gei^erations of structural flow channds at different 
distances from the inlet in the direction of the outlet. 

anged m confr}rmance to the fractal pattern so as to constitute fractal elements. Ideally, 
these fractal dements comprise plates, which contain fractal patterns, stacked, one upon 
another, to provide a fractal stack constituting means for the distribution of fluid to 
20 progressively different scales as fluid is caused to pass through the stat^ from its inlet to 
its outlet. The inlet may be located to dfrect fluid to either the largest or smallest scale 
fractal generation. 

Particularly when the stack is operated as a distributor, it may indude finishing 
structure at one (outlet) end, structured and arranged to promote even distribution of 

25 fluid normal the direction offliud low through the stack. The finishing structure is 

preferably constructed and arranged to provide multiple channel tortuous pathways for 
fluid exiting the fractal pattern. The oppose (inlet) end of the stack may comprise a 
structural element containing distribution channels arranged to receive fluid from a 
primary inlet and to distribute scaled quantities of that fluid to respective inlets of a first 

30 generation of the fi^x;tai patt^. 

Another embodiment of this invention provides open area around the fractal 
pattern of the plates so that fluids can flow through the bulk of the device in &!ther 
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direction without interfering with the scaling of the fluid inside the fractal. This 
arrangement is useful for applications such as counter-current operation or when a fluid 
is to be introduced or taken from a stream of fluid passing through the stack. 

Because fractals are, by definition, invariant to scaling, this invention can be used 
5 for any size application and still provide any desired range of fluid scaling. This device 
theoretically enables infinite scaling of fluids. The existing limits on manufacturing 
objects of very large or very small aze impose practical lunits upon sizing at present. It 
is understood^ however, that as manu&cturing methods for constructing large or small 
objects improve, those methods can be applied to expand the practical range of scaling 
10 offered by this invention. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 is a view in side elevation, illustrating a fractal stack comprismg dght 

plates; 

FIG. 2 is a top plan view of Plate 1 of HG. I; 
IS FIG. 3 is a top plan view of Plate 2 of FIG. 1; 

FIG- 4 is a top plan view of Plate 3 of FIG. 1; 
FIG. 5 is a top plan view of Plate 4 of HG. I; 

FIG. 6 is a digram iUostrating the fractal pattern effected by plates 4, 5, 6 and 7 
ofFIG. 1; 

20 FIG 7 is a pictorial view of Plate 8 of FIG. 1; and 

HG. 8 is an enlarged pictorial view of a portion of FIG. 7. 



BEST MODES FOR CARRYING OUT THE INVENTION 
The fractal stack illustrated by FIG 1 includes dght plates, although the invention 

25 contemplates embodiments having either fewer or more plates, depending upon the 
requtr«nents of a particular application. As illustrated, circular ports pass through the 
plates, and elongate channels between inlet and outlet ports comprise grooves cut, 
molded or otherwise formed in one sutfrice of the plate. Plates 1-3 prince a general 
prelmunaty scalmg of the fluid introduced to the inlet 21 (FIG. 2) and divided through 

30 channels 23 to ports 25 (FIG. 3) and then through channels 27 to ports 29 (FIG. 4), 
Plate 3 provide a 6-way conduit scaUng of the fimd introduced to the inlet 21. Plate 3. 
provides a 36-way conduit scaling of the fluid. Plates 4, 5, 6, and 7 are fractal dements. 
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which allow the near limitless scaling of this invention. (See FIGS. 5 and 6.) Any nuinber 
of fiactal plates can be used, depending upon the fine scaling requirements of the 
application at hand. Only four such plates are illustrated. Plate 8 represents an optional 
"finisiung** plate. 

5 Plate 4 (FIG. 5) is the first fractal scaling plate in the illustrated system. In 

designing a system, conduit plates (1» 2 and 3) preceding the fractal plates (4, 5, 6, and 7) 
can be modified with respect to number and pattern as required to coordinate Hqmd Seed 
to the subsequent fractal plates. For example, FIG. 5 shows 3 rings of fractal pattern. 
Because of space limitations, the fiactal pattern of the innermost ring differs somewhat 

10 from that of the outer two rings. Adding additional rings^ e.g., for larger diameter 
devices, will require a larger number of conduit branches on the previous non-fractal 
scaling plate or plates. It can also be seen from FIG. 5 that additional fractal scaling 
pattern may be pro-wded on any fractal plate before passing the fluid to the next plate in 
the smes. It is not usually necessary to pass fluid to the next plate until a crossover of 

IS ihe fractal conduit pattern is imminent. 

FIG. 6 ilhistrates the basic fractal flow distribution pattern provided through 
plates 4, S, 6 and 7. Scaliiig of the fluid can continue without liicut (wittmx maxni&cturing 
constraints) by adding ad<titional fractal plates to the stack (FIG. 1), FIG. 6 shows that 
indi>ddual flmd conduits would inevitably overlap were the entire pattern of fluid conduits 

20 placed on a ^gle plate. 

FIG. 7, while illustrating a finishing plate, also illustrates pictorially the general 
shape and rdative dimeitsions of all of the plates in the stack. Bolt holes 3S are provided 
in each of the plates for connecting them in poation within the fractal stack. A structural 
el^nsi^ 37 is positioned atop a fluid exit port 39. As best shown by the enlarged 

25 diction of FIG 8, the dem^t 37 is constructed of bars 41, arranged to provide a final 
tortuous pathway, ^ch finishes spreading of the fluid evenly over the cross section of 
the stack. 



30 



I^CDUSTRIAL APPUC ABHJTy 
Itewces constructed in accordance with this invention can be employed whenever 
a controlled dtstiibution and/or collection of fluids is de«M. 
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Any fluid process may benefit from this invention if control of fluid scaling is 
advantageous. Without Umiting the scope of the appended claims in any way> exemplary 
applications of the invention include: general scaling of fluids from large to smaller scale 
motion; general scaling of fluids from small to larger scale motion; rapid formation of 
5 fluid surfeces; rapid formation of low-turbulence fluid surfeces; rapid coUectton of fluid 
sur&ces. Apparatus constructed in accordance with this invention may, amoi^ other 
thills, be applied to the introduction of low turbulence fluid surfeoes into other fliuds; 
adsorption or absorption processes; chromatography procedures; ion exchange 
operations; gas/liquid counter-current applications; distillation equipment; reactors; 
10 aerators and flow through mixers. While the foregoing examples are expressed in terms 
of "motion" and "surfeces,** they may also be conceptualized in terms of fluid volumes or 
streams. 
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CLAIMS 

What is daimgd is: 

I . In a firactal fluid flow system in winch recursive flow paths are arranged in 
5 a fractal pattern including generations of progressivdiy increaang or decreasing scale, the 
improvement comprising providing portions of said fractal pattern in stacked 
arrangement with respect to each other, whereby to avoid intersection of recursive flow 
channels. 

10 2. An improvement according to Claim 1, A^erein said portions of said 

fractal pattern are provided on structural elem^ts assembled in stacked arrangement 
with respect to each other. 

3 . An in^rovOTient according to Claim 2, wherein said structural dements 
15 are approTomately congruent geometric solids \wth flow channels arranged in 

conformance to said fractal pattern. 

4. An improvement according to Cliam 3 , wherdn said structural elements 
comprise plates, which contain fi:actal patterns, stacked, one upon another, to provide a 

20 fractal stack constituting means for the distribution of fluid to progressively difiFerent 
scales as fluid is caused to pass through the stack. 

5. An improvement according to Claim 4, fiirther including finishing 
stmcture at an output end of a s^d stack operated to frmction as a (Ustributor, whereby 

25 to promote even distribution of said fluid normal the direction of flow of said fluid. 

6. An improvenent accor^ng to CUum 3 , wheron said structural elements 
comprise fractal dements arranged in a fractal stack with an inlet at a first end of said 
stack and an outlet at a second end of said stack, 

30 

7. An in^ovement according to Claim 6, wherdn said first end of said stack 
comprises a stmctural dem^ containing distribution channds arranged to receive fluid 
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from said inlet and to distribute scaled quantities of sjdd fluid to respective inlets to a first 
generation of said fractal pattern. 

8. An improvement according to Claim 6, fiirther including finishing 

5 structure at said output end of a said stack operated to function as a distributor, wherry 
to promote even distribution of said fluid normal the direction of flow of said fluid. 

9. An improvement according to Claim 8, wherein said flnishing structure is 
constructed and arranged to provide mtiltiple channel tortuous pathways for fluid exiting 

10 said fractal pattern. 



10 . In a fractal fluid flow system in which recursive structural flow channds 
are anranged in a fractal pattern inching gerv«ations of progressively increawng or 
decreasing scale between an inlet and an outlet, whereby to modify the scale of flud flow 
1 5 through the system, the improvement compri^ng arranging successive said generations 
of structural flow channels at di£&rent distances from said inlet in the durection of said 
outlet, whereljy to avoid intersection of recursive flow channels. 



11. An improvement according to Claim 10, wherein said fractal pattern is 
20 distributed among structural fractal elements arranged in stacked rdationship. 



12. An improvement according to Claim 1 1, wherein said firactal elements are 
anranged in a fractal stack with an inlet at a flrst end of said stack and an outlet at a 
second end of ssnd stack. 

25 

13 . An improvement accordii^ to Chum 12, wh^in said first end of said 
Stack comprises a structural e^&naent containing distribution diannels arranged to recdve 
fluid from said inlet and to distribute scaled quantities of said fluid to respective inlets to 
a first generation of said fractal pattern. 

30 



14. Aft hnprovement according to Claim 1 2, fiuther inchiding finishing 
structure at said output end of a said stack operated to frmction as a distributor, hereby 



wo 99/48599 PCTAJS99/06245 

-10- 

to promote even distribution of said fluid normal the direction of flow of said fluid. 

15, An improvement according to Claim 14, wherein said finishing structure is 
constructed and arranged to provide multiple channel tortuous pathways for fluid exiting 

5 said firactal pattern. 

16. An improvement according to Claim 1 5> wherein said first end of said 
stack comprises a stmctural element containing distribution channels arranged to recdve 
fluid flxim said inlet and to distribute scaled quantities of ssdd flmd to respective inlets to 

10 a first generation of said fiactal pattern. 
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